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(54) MULTILAYER PRINTED WIRING BOARD AND METHOD FOR MANUFACTURING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable high density mounting of 
high reliability and quality by reducing warpage and twisting of the 
board. 

SOLUTION: First, an insulating layer of mixture is formed on one 
side of a separating film 20. Next, through holes 21 are formed in 
desired positions on the separating film 20 with a mixture layer 10. 
Then, the through holes 21 are filled with conductive paste 14. The 
separating film 20 filled with conductive paste 14 is joined to one 
side or the both sides of a printed wiring board 1 including at least 
two layers of wiring patterns. Next, the separating film 20 on the 
printed wiring board 1 is separated. Then a copper foil 26 is 
provided on the surface of the printed wiring board 1 and bonded 
by setting the thermosetting resin in the mixture layer 10 and the 
conductive paste 14 by heating and pressing. Further, the printed 
wiring board 1 is multilayered by patterning the copper foil 26 on 
its surface. The above operations are repeated to realize a simple 
lamination. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The printed-circuit board which is the layered product which the laminating of the insulating 
substrate which sank in thermosetting resin, and the conductive circuit pattern is carried out [ layered 
product ] to reinforcing materials by turns, and makes it come to harden said thermosetting resin, and was 
equipped with at least two layers of said circuit pattern, The insulating layer by which consists of mixture 
of thermosetting resin and an inorganic filler at least, and a laminating is carried out to one side or both 
sides of said printed-circuit board, The circuit pattern which consists of a metallic foil and is formed in said 
insulating layer, and the through tube prepared in said insulating layer, When the laminating of said 
insulating layer and said circuit pattern is carried out to one side or both sides of said printed-circuit board 
by turns The multilayer printed circuit board characterized by constituting from a conductive paste with 
which said through tube is filled up in order to connect electrically between said circuit patterns by which 
the laminating was carried out, and which consists of thermosetting resin and a conductive filler at least. 
[Claim 2] The multilayer printed circuit board according to claim 1 characterized by the principal 
component of the thermosetting resin in said insulating layer being an epoxy resin, phenol resin, or 
polyimide resin. 

[Claim 3] The multilayer printed circuit board according to claim 1 to which said inorganic filler is 
characterized by consisting of Ti02, MgO, Si02 [ aluminum 203, ], or its mixture. 

[Claim 4] The multilayer printed circuit board according to claim 1 characterized by said inorganic filler 
being glass powder. 

[Claim 5] The multilayer printed circuit board according to claim 1 characterized by being the range whose 
volume which the amount of inorganic fillers occupies in said insulating layer is 5% - 45%. 
[Claim 6] The multilayer printed circuit board according to claim 1 characterized by the principal 
component of the thermosetting resin of said conductive paste consisting of an epoxy resin. 
[Claim 7] The multilayer printed circuit board according to claim 1 characterized by the conductive filler of 
said conductive paste consisting of at least one or more sorts of powder among Ag, Cu, or nickel. 
[Claim 8] The multilayer printed circuit board according to claim 1 characterized by for the principal 
component of the thermosetting resin which forms said insulating substrate being an epoxy resin, and said 
reinforcing materials being glass cloths. 

[Claim 9] The process which forms the insulating layer which becomes one side of the film material which 
can exfoliate from the mixture of the thermosetting resin in the condition of not hardening, and an 
inorganic filler, at least, The process which forms a through tube in the position of said film material which 
has said insulating layer, The process made to fill up with the conductive paste which becomes said 
through tube from thermosetting resin and a conductive filler at least, It is the layered product which 
carried out the laminating of the insulating substrate which makes thermosetting resin come for the film 
material furthermore filled up with the conductive paste to sink into reinforcing materials, and the circuit 
pattern by turns. And the process which carries out heating pressurization and which carries out said film 
material surface outside, and is made to stick on one side or both sides of a printed-circuit board which 
have a circuit pattern more than two-layer at least by softening of the thermosetting resin in said 
insulating layer, The process which exfoliates said film material of one side of said printed-circuit board, or 
both sides, The process which is made to harden the thermosetting resin which allots copper foil to the 
front face of said printed-circuit board [ finishing / exfoliation ], and is contained in said insulating layer by 
carrying out heating pressurization, and the thermosetting resin under conductive paste, and pastes up said 
copper foil, The manufacture approach of the multilayer printed circuit board characterized by repeating 
the process which carries out patterning of the copper foil of the front face of said printed-circuit board 
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once [ at least ] or more, and performing it. 

[Claim 10] The process which forms the insulating layer which becomes one side of the film material which 
can exfoliate from the mixture of the thermosetting resin in the condition of not hardening, and an 
inorganic filler, at least, The process which forms a through tube in the position of said film material which 
has said insulating layer, The process made to fill up with the conductive paste which becomes said 
through tube from thermosetting resin and a conductive filler at least, It is the layered product which 
carried out the laminating of the insulating substrate as for which the film material furthermore filled up 
with the conductive paste infiltrated thermosetting resin into reinforcing materials, and the circuit pattern 
by turns. And the process which carries out heating pressurization and which carries out said film material 
surface outside, and is made to stick on one side or both sides of a printed-circuit board which have a 
circuit pattern more than two-layer at least by softening of the thermosetting resin in said insulating layer, 
The process which exfoliates said film material of one side of said printed-circuit board, or both sides, The 
process made to stick by allotting copper foil to the front face of said printed-circuit board [ finishing / 
exfoliation ], and carrying out heating pressurization at low temperature from the heat-curing temperature 
in said insulating layer, The process to which copper foil carries out patterning of said printed-circuit board 
[ finishing / adhesion ] An at least 1-time or more repeat deed, The manufacture approach of the 
multilayer printed circuit board characterized by stiffening the thermosetting resin contained in said 
insulating layer by heating after an appropriate time, and the thermosetting resin under conductive paste. 
[Claim 11] The manufacture approach of the multilayer printed circuit board according to claim 9 or 10 
characterized by the principal component of the thermosetting resin in said insulating layer being an epoxy 
resin, phenol resin, or polyimide resin. 

[Claim 12] The manufacture approach of a multilayer printed circuit board according to claim 9 or 10 that it 
is characterized by said inorganic filler consisting of Ti02, MgO, Si02 [ aluminum 203, ], or its mixture. 
[Claim 13] The manufacture approach of the multilayer printed circuit board according to claim 9 or 10 
characterized by said inorganic filler being glass powder. 

[Claim 14] The manufacture approach of the multilayer printed circuit board according to claim 9 or 10 
characterized by being the range whose volume which the amount of inorganic fillers occupies in said 
insulating layer is 5% - 45%. 

[Claim 15] The manufacture approach of the multilayer printed circuit board according to claim 9 or 10 
characterized by the principal component of the thermosetting resin of said conductive paste consisting of 
an epoxy resin. 

[Claim 16] The manufacture approach of the multilayer printed circuit board according to claim 9 or 10 
characterized by the conductive filler of said conductive paste consisting of at least one or more sorts of 
powder among Ag, Cu, or nickel. 

[Claim 17] The manufacture approach of the multilayer printed circuit board according to claim 9 or 10 
characterized by for the principal component of the thermosetting resin which forms said insulating 
substrate being an epoxy resin, and said reinforcing materials being glass cloths. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention carries electronic parts, such as LSI and a passive component, and 
relates to the multilayer printed circuit board and its manufacture approach for [ which prepared circuit 
wiring ] electronic equipment. 
[0002] 

[Description of the Prior Art] In recent years, digitization of an electronic circuitry and improvement in the 
speed are further desired not to mention the formation of small lightweight to electronic equipment for 
advanced features. And what also has the higher-density circuit board for carrying in these electronic 
equipment is demanded, and it has become an element also with development and those mounting 
technology of a semiconductor device or the printed circuit board itself important for development of new 
electronic equipment. 

[0003] As for a semiconductor device, a ** pitch and many pinHzation are progressing increasingly further 
as everyone knows for increase of a degree of integration, and advanced features, for example, ** pitch- 
ization to 0.3mm pitch is progressing by current from 0.5mm in the terminal pitch. However, ** pitch- 
ization beyond it is difficult by the conventional mounting approach by solder. Therefore, the chip onboard 
COB technique of mounting a chip-size package CSP and not a package but a semiconductor device in a 
direct substrate etc. is considered to be important, and these development is considered in every direction 
from now on. 

[0004] on the other hand, small, lightweight-izing, and high-density-assembly-ization also require a printed 
circuit board from the demand of these electronic equipment — having — **** — in addition and it 
wishes for much more high speed signal processing-ization by realizing high-density-assembly-ization. 
Therefore, when realizing high density assembly of future electronic equipment, a printed circuit board 
technique is also the important point in a surface mounted device. 

[0005] A glass-epoxy multilayer substrate is general as a printed circuit board for current and high density 
assembly. Although this carries out the laminating of this prepreg and the conductive circuit pattern by 
turns using the insulating-substrate ingredient in the condition of having infiltrated the heat-resistant 
epoxy resin into the glass cloth and of not hardening (the following, prepreg, and name) and a glass-epoxy 
multilayer substrate is developed as an object for past computers, in current, it is widely used also for the 
noncommercial use. 

[0006] Dr awing 4 is the schematic diagram showing the structure of a glass-epoxy multilayer substrate, 
and 50 is the insulating substrate which this glass cloth infiltrated the epoxy resin and was stiffened 
further, using a glass cloth as reinforcing materials. In addition, about this insulating substrate 50, when it is 
in the condition before an epoxy resin hardens, prepreg 50 and a name will be changed. 51 is a circuit 
pattern which consists of copper foil, a circuit pattern 51 is formed in both sides of prepreg 50, and the 
multilayer layered product is constituted by carrying out the laminating of the prepregs 50 and 50 on a 
circuit pattern 51 and 51 further. The through tube which drilled 52 after the configuration of a multilayer 
layered product, and 53 are Cu layers formed in the wall of a through tube 52 by plating, and 54 is a circuit 
pattern which consists of copper foil formed in the maximum upper layer of a multilayer layered product. 
[0007] The manufacture process of a glass-epoxy multilayer substrate pastes up copper foil on prepreg 50 
with a heat press, after it carries out a heat press further by the another prepreg 50 and the copper foil to 
this on the basis of what formed the circuit pattern 51 with the photograph RISOGURAFU technique, it 
forms a circuit pattern 51, and it forms a multilayer layered product by repeating these processes. Next, a 
through tube 52 is drilled in this multilayer layered product with a drill, the Cu layer 53 is formed in the wall 
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of that through tube 52 with plating, and a glass-epoxy multilayer substrate is constituted by performing 
electrical installation with the circuit patterns 54, 51, 51, and 54 between each layer by using this Cu layer 
53 as an electrode. In addition, as for a circuit pattern 54, forming by the etching method is common. 
[0008] Thus, in order to perform electrical installation between the circuit patterns of the inner layer in a 
glass-epoxy multilayer substrate, and an outer layer, a through tube is formed with a drill, it was 
established by years of ED and the technique of performing coppering to the wall is widely accepted in the 
world. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the glass-epoxy multilayer substrate mentioned above 
cannot say that it is what can fully respond to the demand of the densification which becomes future much 
more serious. In order that the usual glass-epoxy multilayer substrate may perform electrical installation 
with the circuit pattern of a inner layer and an outer layer using a through tube, when wiring high density, a 
through tube will need to detour wiring to check a wiring tooth space and take about, and, as for it, a wire 
length becomes long as a result. Moreover, since a wiring tooth space decreases, automatic wiring by CAD 
becomes difficult. Furthermore, drilling becomes difficult to ****** of a future minor diameter, and the rate 
of a cost ratio which drilling takes more than now becomes high. A coppering process required for a 
through tube may pose a problem also from on earth environment further again. When this has the same 
technical problem also in the double-sided substrate and there is a through tube especially in component 
mounting, since components cannot be mounted in the part, the substrate of high density is not obtained. 
[0010] In the case of a double-sided substrate, when attaining the densification of electronic equipment as 
mentioned above, a point important as a printed circuit board is obtaining the substrate connectable 
between each class in which inner beer connection is possible in the case of a multilayer substrate, and a 
connecting means without a through tube is needed. 

[001 1] In order to realize high density assembly to such a technical problem, the proposal of a new 
multilayer printed board is made in the Japanese-Patent-Application-No. No. 77840 [ five to ] specification 
etc. 

[0012] However, on the above-mentioned Japanese-Patent-Application-No. No. 77840 [ five to ] 
specifications, the organic nonwoven fabric is used as reinforcing materials for constituting an insulating 
substrate. When an organic nonwoven fabric is used, it is supposed that it is bad and a problem is the 
adhesion of an insulating substrate and copper foil in the mounting reinforcement after components 
soldering. 

[0013] The insulating substrate which generally makes a nonwoven fabric reinforcing materials is said for 
the adhesion force with copper foil to be weak compared with what used the glass cloth. On the other 
hand, with the GARASU epoxy group plate, since the layer of only thermosetting resin exists between a 
glass cloth and copper foil, it is supposed that adhesion reinforcement is high. Moreover, in the case of the 
nonwoven fabric, it is made low [ the probability for impregnating resin to exist between a substrate 
ingredient and copper foil ]. This is because the fiber of the nonwoven fabric which is not contributed to 
adhesion exists between thermosetting resin and copper foil, when the substrate ingredient which consists 
of a nonwoven fabric and thermosetting resin which sank in is hardened with a heat press. 
[0014] Moreover, the substrate ingredient which generally makes a nonwoven fabric reinforcing materials 
has the high welding pressure at the time of a heat press compared with what used the glass cloth. This is 
because it originates in existence of nonwoven fabric fiber working as resistance, in order to make the 
resin which sank in fully flow and to make it filled up with removal of a pore (air bubbles which remain in the 
interior of prepreg), and the clearance during wiring. Consequently, when forming a multilayer substrate, 
resin ****** during inner layer wiring worsens, and a pore arises between wiring and it becomes the cause 
of generating a blister (bulging) in the heat history for next soldering. 

[0015] Moreover, the multilayer substrate which makes a nonwoven fabric reinforcing materials is enlarged 
by the camber of a substrate, and torsion compared with the multilayer substrate using the glass cloth by 
the glass fiber. This is because it is the cause by which are because it is difficult to make homogeneity 
distribute the staple fiber in a nonwoven fabric, the physical properties the time of a heat press and after 
substrate production, for example, thermal-expansion nature, an elastic modulus, etc. have directivity in a 
substrate side since it has on the average, the sense, i.e., the fiber orientation, of fiber, and this makes a 
substrate produce camber and torsion. For this reason, the camber of a substrate and torsion are 
prevented by using the prepreg which becomes a part for the outermost layer from the former from a glass 
cloth at an internal layer using the prepreg by the nonwoven fabric in the printed circuit board which makes 
reinforcing materials the nonwoven glass fabric generally used. 

[0016] It makes it the technical problem to offer the multilayer printed circuit board which made possible 
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high density assembly of high-reliability and high quality, and its manufacture approach while this invention 
solves such a trouble, and the configuration of a base material resin constituent and the adhesion between 
copper foil are raised and it offers the printed-circuit board with little high dependability and its 
manufacture approach of substrate camber and torsion. 
[0017] 

[Means for Solving the Problem] As a technical means for carrying out solution achievement of said 
technical problem effectively, the multilayer printed circuit board of this invention The printed-circuit board 
which is the layered product which the laminating of the insulating substrate which comes to sink in in 
thermosetting resin, and the conductive circuit pattern is carried out [ layered product ] to reinforcing 
materials by turns, and makes it come to harden said thermosetting resin, and was equipped with at least 
two layers of said circuit pattern, The insulating layer by which consists of mixture of thermosetting resin 
and an inorganic filler at least, and a laminating is carried out to one side or both sides of said printed- 
circuit board, The circuit pattern which consists of a metallic foil and is formed in said insulating layer, and 
the through tube prepared in said insulating layer, When the laminating of said insulating layer and said 
circuit pattern is carried out to one side or both sides of said printed-circuit board by turns In order to 
connect electrically between said circuit patterns by which the laminating was carried out, it is 
characterized by constituting from a conductive paste with which it is filled up to said through tube and 
which consists of thermosetting resin and a conductive filler at least. Moreover, since a multilayer can be 
accumulated easily and a conductive paste is moreover used for the electrical connection of the circuit 
pattern between the layer by carrying out the laminating of the insulating layer which becomes the one side 
or both sides from thermosetting resin and an inorganic filler on the basis of the printed-circuit board 
which has a circuit pattern more than two-layer by such configuration, perfect inner beer hall structure is 
realizable. 

[0018] Moreover, the manufacture approach of the multilayer printed circuit board of this invention The 
process in which the insulating layer which becomes one side of the film material which can exfoliate from 
the mixture of the thermosetting resin in the condition of not hardening, and an inorganic filler, at least is 
made to form, The process which forms a through tube in the position of said film material which has said 
insulating layer, The process made to fill up with the conductive paste which becomes said through tube 
from thermosetting resin and a conductive filler at least, It is the layered product which carried out the 
laminating of the insulating substrate which comes [ material / which was furthermore filled up with the 
conductive paste / film ] to sink into reinforcing materials in thermosetting resin, and the circuit pattern by 
turns. And the process which carries out heating pressurization and which carries out said film material 
surface outside, and is made to stick on one side or both sides of a printed-circuit board which have a 
circuit pattern more than two-layer at least by softening of the thermosetting resin in said insulating layer, 
The process which exfoliates said film material of one side of said printed-circuit board, or both sides, The 
process on which the thermosetting resin which allots copper foil to the front face of said printed-circuit 
board [ finishing / exfoliation ], and is contained in said insulating layer by carrying out heating 
pressurization, and the thermosetting resin under conductive paste are stiffened, and said copper foil is 
pasted up, It is characterized by repeating the process which carries out patterning of the copper foil of 
the front face of said printed-circuit board once [ at least ] or more, and performing it. And easy lamination 
can be performed by making an insulating layer repeat and stick by such approach. 

[0019] Moreover, the process which forms the insulating layer which becomes one side of the film material 
which can exfoliate from the mixture of the thermosetting resin in the condition of not hardening, and an 
inorganic filler, at least, The process which forms a through tube in the position of said film material which 
has said insulating layer, The process filled up with the conductive paste which becomes said through tube 
from thermosetting resin and a conductive filler at least, It is the layered product which carried out the 
laminating of the insulating substrate which comes [ material / which was furthermore filled up with the 
conductive paste / film ] to sink into reinforcing materials in thermosetting resin, and the circuit pattern by 
turns. And the process which carries out heating pressurization and which carries out said film material 
surface outside, and is made to stick on one side or both sides of a printed-circuit board which have a 
circuit pattern more than two-layer at least by softening of the thermosetting resin in said insulating layer, 
The process which exfoliates said film material of one side of said printed-circuit board, or both sides, The 
process made to stick by allotting copper foil to the front face of said printed-circuit board [ finishing / 
exfoliation ], and carrying out heating pressurization at low temperature from the heat-curing temperature 
in said insulating layer, It is characterized by stiffening the thermosetting resin contained in said insulating 
layer, and the thermosetting resin under conductive paste by heating the process to which copper foil 
carries out patterning of said printed-circuit board [ finishing / adhesion ] a repeat deed and after an 
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appropriate time once [ at least ] or more. And only a predetermined number allotting the insulating layer 
which exfoliated film material by turns to the printed circuit board more than two-layer, carrying out 
heating pressurization by such approach, carrying out the laminating of said printed-circuit board and the 
base material which has a non-hardening resin layer, and stiffening all thermosetting resin with heating 
finally can also obtain a multilayer interconnection. 

[0020] Moreover, it is characterized by the principal component of the thermosetting resin in said insulating 
layer being an epoxy resin, phenol resin, or polyimide resin. By such a configuration and an approach, it 
becomes the thing excellent in practicality from a heat-resistant field. 

[0021] Moreover, said inorganic filler is characterized by consisting of Ti02, MgO, Si02 [ aluminum 203, ], 
or its mixture. The coefficient of thermal expansion as a substrate is small compared with the case of only 
organic resin by using an inorganic filler for an insulating layer by such a configuration and an approach. 
Consequently, it is suitable for CSP (Chip Size Package) which mounts bare chips (naked IC), such as a 
semi-conductor, and a COB (Chip On Board) application. Moreover, thermal conductivity becomes good 
similarly. 

[0022] Moreover, it is characterized by said inorganic filler being glass powder. By such a configuration and 
an approach, the coefficient of thermal expansion as a substrate can form a small insulating layer 
compared with the case of only organic resin. 

[0023] Moreover, the volume which the amount of inorganic fillers occupies in said insulating layer is 
characterized by being the range which is 5% - 45%. A reliable multilayer printed circuit board can be 
formed by such a configuration and an approach. 

[0024] Moreover, it is characterized by the principal component of the thermosetting resin of said 
conductive paste consisting of an epoxy resin. By such a configuration and an approach, the conductive 
paste excellent in thermal resistance can be obtained now. 

[0025] Moreover, it is characterized by the conductive filler of said conductive paste consisting of at least 
one or more sorts of powder among Ag, Cu, or nickel. A conductive good conductive paste can be obtained 
now by such a configuration and an approach. 

[0026] Moreover, the principal component of the thermosetting resin which said insulating substrate forms 
is an epoxy resin, and it is characterized by said reinforcing materials being glass cloths. By such a 
configuration and an approach, since a nonwoven fabric is not used as reinforcing materials, the adhesion 
between an insulating member and a circuit pattern is improved, and a multilayer printed circuit board with 
little generating of the camber of a substrate or torsion is obtained. 
[0027] 

[Embodiment of the Invention] The printed-circuit board in a gestalt and its manufacture approach of 
operation of this invention are explained below, referring to a drawing. 

[0028] (The 1st operation gestalt) Drawing 1 is the sectional view of a multilayer printed circuit board 
showing the internal structure of the 1st operation gestalt of the multilayer printed circuit board of this 
invention, and 1 is an insulating substrate which a printed-circuit board, and 2, 3 and 4 infiltrate five into 
reinforcing materials, a circuit pattern and 6 infiltrate thermosetting resin, and it makes it come further to 
harden. In addition, when thermosetting resin hardens like the conventional example, insulating substrates 5 
and 6 are called, in not hardening, prepregs 5 and 6 are called, and a name will be distinguished. The 
printed-circuit board 1 formed the circuit pattern 2 in both sides of prepreg 5, piled up prepregs 6 and 6 on 
it further, stiffened prepregs 6 and 6 further, are an insulating substrate 6 and the structure in which 
circuit patterns 3 and 3 and circuit patterns 4 and 4 were formed on six, and equips the interior with the 
two-layer circuit pattern 2. 

[0029] The through tube by which two or more 7 was prepared in the field of a printed-circuit board 1, and 
Cu layer formed when 8 performed coppering to the wall surface of a through tube 7 are shown, and the 
circuit pattern 2 of the printed-circuit board 1 interior and the circuit patterns 3 and 3 of the printed- 
circuit board 1 exterior are electrically connected by this Cu layer 8. 9 shows the resin paste with which 
the through tube 7 was filled up, and the connection part of this resin paste 9 and circuit pattern 3 is 
covered with the circuit pattern 4. 

[0030] 10 is a mixture layer which is an insulating layer which is both-sides side of a printed-circuit board 
1, and was formed on the circuit pattern 4, and this mixture layer 10 is constituted by thermosetting resin 
and the inorganic filler. The circuit pattern which consists of a metallic foil by which 1 1 was formed in the 
10 or 10th page of a mixture layer, 12 with the same quality of the material as the mixture layer 10 And the 
mixture layer formed on the mixture layer 10 containing a circuit pattern 11, The circuit pattern which 
consists of a metallic foil by which 13 was formed in the 12 or 12th page of a mixture layer, It is the 
conductive paste whose 14 connects a circuit pattern 1 1 and a circuit pattern 4 electrically, and the 
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conductive paste to which 15 connects a circuit pattern 1 1 and a circuit pattern 13 electrically, and these 
conductive pastes 14 and 15 are constituted by thermosetting resin and the conductive filler. 
[0031] Thus, the multilayer printed circuit board of the 1st operation gestalt is the configuration of having 
the part electrically connected with the conductive pastes 14 and 15 which have the structure which 
accumulated by turns the circuit pattern which consists of circuit patterns 1 1 and 13 which consist of 
mixture layers 10 and 12 and a metallic foil on both sides of the printed-circuit board 1 which has the 
circuit patterns 2, 2, 3, and 3 of four layers, and consist of thermosetting resin and a conductive filler at 
least between a circuit pattern 4, a circuit pattern 1 1 and a circuit pattern 1 1, and a circuit pattern 13. 
[0032] Drawing 2 (a) - (h) is the process sectional view showing the production process of the multilayer 
printed circuit board of drawin g 1 . 

[0033] First, as shown in drawin g 2 (a), the mold releasing film 20 which is the film material which consists 
of polyethylene terephthalate with a thickness of 75 micrometers is prepared. Next, only the amount which 
becomes 20% of a whole product about Ti02 powder with a mean particle diameter of 1 micrometer is 
added to what diluted the thermosetting epoxy resin (for example, product made from Shell "EPON 
1151B60") with the methyl ethyl ketone (MEK is called hereafter), and it mixes enough, and applies on a 
mold releasing film 20. Although the method of application had the doctor blade method, the effective 
approach by the coating machine, etc., with the 1st operation gestalt, it was applied with the doctor blade 
method and set thickness to 150 micrometers. Then, it dries at the temperature to which MEK disperses at 
the temperature of 100 degrees C. As this showed drawing 2 (b), the mixture layer 10 (thickness of about 
70 micrometers) is formed on a mold releasing film 20. In addition, the above process is performed by 
continuous equipment although not illustrated. 

[0034] Next, as shown in drawin g 2 (c), it was processed in the thickness direction from the mold releasing 
film 20 side with the laser process which used carbon dioxide gas laser etc., and the through tube 21 of 
200 micrometers of apertures was formed in the predetermined part of the mold releasing film 20 which 
has this mixture layer 10. Although punching processing with the processing metallurgy mold by the drill 
can also form a through tube 21 besides carbon dioxide gas laser at this time, it is better for the 
processing configuration of a through tube 21 to process it from a mold releasing film 20 side in that case. 
[0035] Next, as shown in dra wi ng 2 (d), a through tube 21 is filled up with the conductive paste 14. The 
conductive paste 14 consists of an epoxy resin of the non-solvent mold as the copper powder with a mean 
particle diameter of 2 micrometers and binder resin as conductive material, and the content of copper 
powder is 85% of the AUW of the conductive paste 14, and kneads and manufactures copper powder and 
binder resin with 3 rolls here. As an approach filled up with the conductive paste 14, the base material 
which has a through tube 21, and the mold releasing film 20 which has the mixture layer 10 here are 
installed on the table of a printing machine (not shown), and the direct conductivity paste 14 is printed 
from a mold releasing film 20. As print processes, roll decalcomania can be used, for example. At this time, 
the mold releasing film 20 on top has played the role of a printing mask, and the role of the pollution 
control of the front face of the mixture layer 10. 

[0036] Next, the multilayer laminating of the mixture layer 10 is carried out to both sides of a printed- 
circuit board 1 using the mold releasing film 20 which has the mixture layer 10 filled up with the conductive 
paste 14 as shown in d rawing 2 (e). An example of the manufacture approach of the existing printed-circuit 
board 1 used at this time is explained based on drawing 3 (a) - (g). This approach is the existing 
manufacture approach of a printed-circuit board 1, and is not limited to this manufacture approach about 
manufacture of a printed-circuit board 1. 

[0037] What was shown in dra wing 3 (a) is the double-sided wiring substrate 22 with a thickness of 0.6mm 
which comes to form a circuit pattern 2 in both sides of the prepreg 5 which comes to sink into a glass 
cloth in an epoxy resin because make copper foil rival, stiffen it and it carries out patterning. Next, as 
shown in draw ing 3 (b), it inserts with the double-sided wiring substrate 22 on both the sides of the 
double-sided wiring substrate 22 by the prepreg 6 (thickness of 0.1mm) which infiltrated the epoxy resin 
into the same glass cloth, and a layered product 24 is constituted by making it unify, where a laminating is 
further carried out by ****** and heating pressurization by copper foil 23. Whenever [ stoving 
temperature ] is held in an about 1-hour vacuum at 180 degrees C, is pressurized by the pressure of 
50kg/cm2, and is performed. Dr awin g 3 (c) showed this condition and the epoxy resin which sank in will be 
in the condition of having heat-hardened at this time and having pasted up firmly with the copper foil 23 of 
the internal double-sided wiring substrate 22 and both sides. 

[0038] As furthermore shown in dra wing 3 (d), a through tube 7 is formed in a desired location with the drill 
of the diameter of 0.3mm at a layered product 24. Drawing 3 (e) performs coppering on all the front faces 
of the layered product 24 which contains a through tube 7 after that, and just formed the Cu layer 8 in 
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them. Furthermore, by draw i ng 3 (f), the through tube 7 in which the Cu layer 8 was formed of coppering is 
made to fill up with and harden the resin paste 9 which consists of an epoxy resin, coppering is further 
performed for a front face in the place which ground and carried out flattening of the front face further, 
and the Cu layer 25 is formed. Thus, patterning of the front face of the manufactured Cu layer 25 is carried 
out, and circuit patterns 3 and 4 are formed. The formation approach of the circuit patterns 3 and 4 at this 
time is performed at the process which ultraviolet curing, development, etching, and dry film exfoliation 
followed using the existing dry film resist. Thus, the printed-circuit board 1 which is a four-layer wiring 
substrate without a through tube is manufactured. 

[0039] In drawing 2 (e), the laminating of the mixture layer 10 is carried out to both sides of a printed- 
circuit board 1 using the mold releasing film 20 which has the mixture layer 10 filled up with the conductive 
paste 14. It arranges so that the mixture layer 10 formed in the mold releasing film 20 at this time may 
counter a printed-circuit board 1, and it is made to stick by superposition, heating, and pressurization. 
Whenever [ stoving temperature ] was held for 1 minute at 120 degrees C, and was performed by the 
pressure of 15kg/cm2. As for a printed-circuit board 1 and the mold releasing film 20 which has the 
mixture layer 10, at this time, it is important to carry out by doubling a location completely. Moreover, 
although stuck using metal mold (not shown) with the 1st operation gestalt, if alignment is possible as 
mentioned above, to say nothing of the ability of letting a printed-circuit board 1 and a mold releasing film 
20 pass between the heated metal or the roller of rubber to also manufacture, the latter which can be 
manufactured continuously industrially is better. 

[0040] Next, the mold releasing film 20 of the maximum upper layer is exfoliated like drawing 2 (f). Although 
this activity may be done at a room temperature, the smooth nature of the mixture layer 10 after the 
direction performed in the condition of having heated a little exfoliating is good. In addition, the optimum 
temperature to heat has optimal 70 degrees C. As furthermore shown in drawing 2 (g), copper foil 26 with a 
thickness of 35 micrometers is stuck on the field which exfoliated the mold releasing film 20 as a metallic 
foil. The thermosetting resin layer and copper foil 26 in the mixture layer 10 paste up by carrying out 
heating pressurization in this condition. At this time, mechanical adhesion between the conductive paste 14 
and copper foil 26 is performed in a thermosetting resin layer. And finally, as shown in drawin g 2 (h), a 
circuit pattern 1 1 is formed for copper foil 26 by etching of a conventional method. 
[0041] The multilayer printed circuit board which has the circuit pattern of six layers simply using the 
printed-circuit board 1 which has the circuit pattern of four layers by the above approach was able to be 
manufactured. The multilayer printed circuit board which has the circuit pattern of eight layers which are 
the lamination of a mold releasing film which has the mixture layer which filled up again both sides of the 
multilayer printed circuit board which has the constituted circuit pattern of six layers with the conductive 
paste, exfoliation of a mold releasing film, adhesion of copper foil, hardening of the thermosetting resin by 
heating pressurization, and repeating the pattern formation of wiring and performing it further as mentioned 
above, for example, is shown in drawing 1 when multilayering furthermore can be manufactured easily. 
[0042] Thus, as a result of performing various kinds of reliability evaluation to the manufactured multilayer 
printed circuit board, when the connection resistance between each layer of the 1st operation gestalt of a 
multilayer printed circuit board was measured by 4 terminal method, it was 1.9mohm per each beer, the 
printed-circuit board at the time of copper foil Peel reinforcement (bond strength to copper foil) being 
more than 1.8 (kg/cm width of face), and using a nonwoven fabric as reinforcing materials — comparing — 
about 0.2 (kg/cm width of face) — the big value was shown. Moreover, when the dependability of the 
connection resistance was evaluated in the circuit where 500 beer is connected to the serial, also in any of 
an oil DIP trial, a solder flow test, and a solder reflow trial, resistance change of the connection was extent 
which carries out a 0.5mohm rise per 1 beer. Moreover, when the relief of the edge of a substrate or a 
center section also estimates substrate camber to the die length of a substrate, it is 0.5% (substrate die 
length of 100mm means a 0.5mm relief), and the usual glass-epoxy group plate and the thing which is not 
inferiority were obtained. 

[0043] The multilayer printed circuit board of the 1st operation gestalt of a multilayer printed circuit board 
has from this the inner beer structure where a through tube does not exist, and a front face is smooth and 
it can be called the substrate which realized high-reliability and high density further. 

[0044] In addition, although Ti02 powder was used for the inorganic filler with the 1st operation gestalt of a 
multilayer printed circuit board, it can choose from aluminum 203, and MgO, Si02 and glass powder by the 
physical properties required of a mixture layer, or the mixed powder can be used. For example, Ti02 of 
glass is [ control of MgO and a coefficient of thermal expansion ] effective in a RF application as which an 
ingredient with a dielectric constant low among insulating properties is required to thermal conductivity. 
[0045] Next, the 2nd operation gestalt of the manufacture approach of a multilayer printed circuit board is 



http://www4.ipdl. inpit.gojp/cgi-bin/tran_web_cgLejje 



2008/01/10 



JP,09-148738,A [DETAILED DESCRIPTION] 



7/9 s<— v 



explained. 

[0046] When making copper foil 26 rival in drawing 2 (g), a different point as compared with the 
manufacture approach in the 1 st operation gestalt shown by (a) - (h) of drawing 2 carries out heating 
pressurization at the low temperature which is extent which is not made to harden thermosetting resin but 
copper foil 26 pastes up, and is in the point of holding thermosetting resin in the state of un-hardening, in 
the 2nd operation gestalt of the manufacture approach of this multilayer printed circuit board. 
[0047] A pressure performs concrete heating pressurization conditions by maintenance at 15kg/cm2 for 
the same 120 degrees C as adhesion of the above-mentioned mixture layer 10, and 1 minute. At 
temperature of this level, in order not to continue not hardening the aforementioned thermosetting resin, a 
perfect multilayer printed circuit board is obtained by copper foil carrying out patterning after this by this, 
repeating and carrying out the deed multilayer laminating of drawi ng 2 (e) - (h) further, and making it 
harden at about 180 degrees C finally. 

[0048] Therefore, whenever it repeats a laminating and multilayers, since perfect heat curing is required, 
the heating pressurization of long duration is needed, if it is the 1st operation gestalt of the manufacture 
approach. Since it can manufacture by adopting roll heating as mentioned above in a short time if even 
pattern formation is possible, since what is necessary is to perform only adhesion of copper foil 26 with the 
2nd operation gestalt of the manufacture approach to it, it becomes an approach advantageous to 
fertilization. Moreover, with the 2nd operation gestalt, when stiffening thermosetting resin finally, by 
pressurizing with heating, the maximum upper circuit pattern is embedded in a mixture layer, and serves as 
a flat field. Therefore, such a substrate is very advantageous at the time of next partial mounting. 
[0049] Next, the evaluation result of the multilayer printed circuit board manufactured with the 2nd 
operation gestalt of the manufacture approach and the ingredient presentation of the mixture layer used 
for it are shown in (Table 1). As shown in (Table 1), aluminum203 powder (mean particle diameter of 1.2 
micrometers) is used for an inorganic filler, and an epoxy resin (DER 532A80 made from DOW) is used for 
thermosetting resin. 
[0050] 
[Table 1] 
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[0051] As a result of performing various kinds of reliability evaluation for the printed-circuit board which 
has the circuit pattern of six layers, 20aluminum3 powder is [ a coefficient of thermal expansion ] a 
problem greatly to the same extent with an epoxy resin in 5% or less of a whole product. Moreover, 
substrate camber is also large. On the other hand, similarly, at 45% or more, bond strength with copper foil 
is small, and it is a component-mounting top problem. Moreover, at 55%, since it became hyperviscosity too 
much, the formation of a mixture layer itself was not able to be performed. In addition, also in any of each 
interlayer connection resistance and the dependability (an oil DIP trial, a solder flow test, solder reflow 
trial) of the connection resistance, resistance change of the connection was small good. 
[0052] Although the epoxy resin was used with the 2nd operation gestalt of the manufacture approach as 
thermosetting resin to combine, it cannot be overemphasized that combination with phenol resin and 
polyimide resin is also effective. 
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[0053] 

[Effect of the Invention] According to the printed-circuit board of this invention, a stable printed circuit 
board is obtained and in ABIA connection also becomes the optimal thing for high density assembly. 
[0054] Moreover, according to the printed-circuit board of the invention in this application, it excels in 
adhesion with copper foil, and it excels in surface smooth nature, and the multilayer printed circuit board of 
an inner beer configuration with little substrate camber and torsion is obtained simply, moreover — 
according to the manufacture approach of the printed-circuit board of this invention — beer — since 
copper foil can be pasted up after being filled up with a conductor, formation of the copper-electrode layer 
by plating becomes unnecessary, and is advantageous on earth environment. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the structure of the 1st operation gestalt of the multilayer 
printed circuit board of this invention. 

[Drawing 2] It is the process sectional view showing the manufacture approach of the 1st and 2nd 
operation gestalt of the manufacture approach of the multilayer printed circuit board of this invention. 
[Drawing 3] It is the process sectional view of the existing printed-circuit board manufacture which has a 
circuit pattern more than two-layer [ which consists of thermosetting resin used for this operation gestalt, 
and reinforcing materials ]. 

[Drawing 4] It is the sectional view showing the configuration of the conventional glass epoxy multilayer 
substrate. 

[Description of Notations] 

1 [ — Mold releasing film / 22 — Double-sided wiring substrate, / 23 26 — Copper foil, / 24 — Layered 
product. ] — Printed-circuit board 14 15 — A conductive paste, 20 2, 3, 4, 1 1 , 1 3, 51 , 54 — Circuit pattern 
5, 6, 50 — Insulating substrate (prepreg) 7, 21, 52 — Through tube 8, 25, 53 — Cu layer 9 — Resin paste 
10 12 — Mixture layer 
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[ooi8] tit. *»M©#«7'yyhEit»£tE©li! 

ifcfrSrW:. *J«BTffift7-f^fl-ro^ffit. />ft<tt 
bftSfti»SSr^fiSc^*5XSi:, tu!B$6SSIr^1-S 

t , Miama?L^'>ft < t tstiKfl&tirm t *«i*7 ^ 
mub&mni l -c ft 5 tents « t eh^ ^ - y t 

S:5ESI-a*Lfc39[Jf(*:T?&i5, i6»o^ft< tt2»W 

■tiraxst, BuE7*y y hE&«£©a?ffi<Dlfi?g&/-!* 
-=>miSim< 1 1 l|eI£JLblHiSUT5 
r tlr^mi-rSo ^LTr©J:5ft*jSfetJ:!J, teS 

40 [0019] fiJBf^Hfty^^Affro^Sic, 
ft < fc t i««7-i'7-tw 
»^4*iA^ft5il6fMiS:^fi£i-5XSt, tuiate^l?r 

XSt, SutaMii?L(^>ft< ttf^S!ftttSJait*Stt 
7^5-^*^4511^-^ hT***-t5XSt. 
£ *«tt-^- 7 h L fc 7 A « , 
tfffl! {tttWII Sr-^ » LTft-5 t E»^° ^ - y 

i SrSStai* Lfcaift-efc t) , ii»o/>ft< it 21 
W±OE«^?-v|rtt5^y> hE*StR©tfiBt> 
50 L<i±i^ffiii, tuta7^;UAtfB^^ffj(cLTiPfi»JI 
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= y^-f5XS<!:£/>&< 1 1 l[UJiJ,X«i9jILfTi/\ 

KS«fc9f:£<0SW£tt&SKEU iPfUjPJELT, B«fE 
7°y y hEiSSlSffit *B!ft«flgJiS:^r-t5S«*a* L 

[0020] WEIfelMl^roJRffl^ftHfllroifia 
#^^y«t)]| x 7*;-,uffim, ^y^U'tlo 

[0 0 2 1] £fc, IME*«7>f?-#, ALO3, Ti 20 
0 2> MgO, SiOi©lvf*l,;6\ fcL<f±-t©jR^«)i» 

C S P (Chip Size Package) , COB (Chip On Board) ffl 

[0022] st, mftmm.yjy-ftjjy*i&3ix°h 

9, afitL-r<DfU»Kffi»as*«|«fii^Jt©»^ttt: 30 
-<T/h S v ojfgSMI ft JFM-f 5 £ t ^-e # 5„ 
[0 0 2 3] *fc, StFlE»IWIf-C?il«7^7-*©t5 
* 5 5 %~45%©«5HT$3 5 - b Z¥tm btZ>* 
=. © i 5 4«iWi5J:W*i(tt ± 9 , fS«tt©as^#l7 p 

[0024] ttfe*lttt-<-^ hro«ni{btt«iB 

[0 0 2 5] fflie^mtt^-^ h £D^«tt7 O 40 

-^A g , cu, t>L<t±Ni©5 v>*< iaet± 

[0 0 2 6] ttilEteSS«(»JfM1-5Mbtt« 
©^ >9-^&Uxw^£;$5'>ftv^Jl:/y y bE£t»£# 50 



#i¥9-l 4 8 7 3 8 
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[0 0 2 7] 

[0028] mi mmmm) m 1 n.*%m<n&m-7 x ) 
y vmumm^w, 1 Mmmm^um^mir^my']) 
y vmMM^m^mx'h^) s myy yhEissfc 

2, 3, 4fiEH^-y, 5, 8tttt&#£*HHfttt 

5 , 6 1 m u *?ifk©±j-g-ii7- y 7* 

5, 6i|fcU ^SrgaiJ-t-ar i:(r-t-5o T'yvus 
HSgl tt, 7°y 7°U^5c0iSJffi^IEI|^^-y 2ft^ 

7°y7u^6, 6^5ffk^^, *6«Sffi6, 6±(rIE« 
^^-V3, 3*5 < tU5|aH^^-y4 1 4«Lf:i 

[0029] 7f±yy y hiEi»S«i oiBi^|«dKrt& 
ntcmmiu 8f±ma?L7©nffl(m^ y#sriti-r t 

y > MBiftSfi 1 ftm<offlk'<fi-y 2 1 yy y heisi 

roffifll^-^ h 9 tlEH^^-y 3 t ©S«ffl4MiEi» 

[0030] io«7°y v MaiftSffi 1 ©Mffifllt^os 
- y 4 ± tjg^ $ iifcitfefti t- h z> ®&®m X- h 

ti&mfafr btez m^< 9 - -y , i2nji-a-#)i 10 1 1^ u. 

#KT-*^oE«/N° ^ - y 1 1 *ists®&mm 10±{c^ $ 
Hfcjfi-a-ttl, 13l4fi-g>*«12, 12BlrjfM$tv/c^Ji 

m*> e>*5 ia^/^ - y, i4teiBH/<*-yn t 
»><#-yiifcE*/<*-yi3t«:m««fc«tt-r5i* 

[0031] rroi5{^iHJfi««8©#iyyyhE 

^Sffifi, 4i©Ei-'"?-y2, 2, 3, 3&ff1--5 

7°y y HESistEi ©wffiKji^sio, i2i^srs^ 

?j^5E^^-yil, l3^b*5EiH^^-yft^S 

- y 1 1 & J; t>ia ill - y 1 1 1 e$^°* - y 1 3 1 <d re 
t'>/£ < t t>f«f ft&MR t *Si*7 
«tt-<-^M4, 15ti9««»ta«-r5fl3f«r#f 

[0 0 3 2] 02(a)~(h)tt01©#Jg7°yy hEilftS 

[0 0 3 3] 4T, B2(a)l:*tJ:5l:, J¥^75Mm© 
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(tzkz.lt, ShellttM "EPON1151B60" ) ^vUaifvl/ 
trYXUT, MEKt»i-5)-e*«Lfct>(7)t5p^*t 
Si MB©TiO.»5(St^5M©20%ift5*«lt«Jp 

ftTSMfU i¥^?rl50/imi bfc 0 lOOttofi 

a^MEKasjR»rsffl*-ee«r5o :wa^a2 

(b) Ltc ± 5 Kit® ? >r ^*20±fcii£4fcJi 10 (ff * 

[0 0 3 4] t*^ N B2(c)t*ti: 5fc, 
SlOSr^Tl-5llta!7>f^20<Ogf3£©ttgfK, fciaitf 
&m-ff* u—ftl ifSrffl^fc u-if JQX}£T*$®!:7 ^ 

2l5rffMLfc 0 J: ^ei^tt KU/u 

t J: 5 JD X^M ^ ± 5 y f- y ^ Jp x -e t Mii?L2 1 & 

*»&jpxi-5*j4sjiiia2i©jpx»*tr±AffT*)5o 

[0 0 3 5] jfcfc, H2(d)K^i-J;5K, JKKL2lfc 

r r v HM&fo m 1 0 £ ^rr a urn y * 20 % wjh 
i4*iia[7-f^2o©±a*6Hi*Ji-5. WJffit lt 

So 

[0 0 3 6] 0 2 (e) 1^1" <t 5 (^Itt^-* 

h 14&3E& LfcS-a^Jl 10 Sr^f-f 5 MM 7 -i ;UJ>.20*% 

ffii±^ y y h ie«s« i ©itff <D»^fet?fc 9 . y y 

[0 0 3 7] @3(a)|OfLfcOll #7.X|&fiJfc:;t:# 



(6) #1^9- 1 4 8 7 3 8 

10 

~>MmZ$W:£ J £tz7°V7°U? f 6 (ff^O. lm) 

ttl80°C-e^ 1 ^MHat ICftft U 50kg/cm 2 <DJ±^JV 
*0J±LTffbti5. w©^jiSr^Lfc<D^ia3(c)T-fc 

[0 0 3 8] S P, |CB 3 (d) li^ Lfci 5 K«Jift24fc 
10 0. 3mmSW K y /Kc <t !3 FJf SroffiBI-jra?L 7 SrffMI" 
5o I3(e)li *»aJtii?L7*-&tfaJifls:24©^* 

5 0 §e>t03(f)T'»i^> 19 CuSs^ffM^ 

5 0 r<DJ: 5(;LT»f^$ttfcCuJl25C0SS^y^- 
= ^^L, BE$U<*->3, 4eMt5. r»B#Wia 
i^-^3, 4©^fiS*Sfi, H#©K5'f 

[0 0 3 9] |2(e)|;^T, hl4^^E 
«Lfc^fellO^^Ti-5Bt§!J7^^A20lrffl^T, 7" 

y v MaiftKfi i ©wa5t»a*Jiiotr*jir«. ~« 
^Ki!7^^A2ot^Lfca^jf ioasyy v Men 

K i 0 te«^ii:So SPia?iattl20°CT' 1 ^WtftSp 

30 u i5kg/cm 2 <Dj±^i-etfofco rroB#, ^y^Man 

7Ml^yvFEIIfil bMm7j;vj»20*m-f~k 
■C t Kf^T? 1 5 r ( 4 v > 5 * -e t ft < , I* W (' (4il« 

[0 0 4 0] B2(f)©i5tft±iO||i7^ 

^A2osrfijni-So ^of^naa-effoTtiv^* 
40 TJPii Lfc^SlT-fT 5 *^*J(taro«-a-«iliorosF?»tt 
#J:V\ »-r5ftiI?fiS(470 < C^ftSt;-fes o 
£ bim 2 (g)ic^-r <t 5 C, K®7^^A20SrSfJ«t 
fcffii^M^i: L-rJP*35;im©«JB26*rW")#rt*. 

-?rt-C, *^(;H12 (h)fc^-t 

50 [004 1] sxtofim^z*) 4S(osam^^-y^ 



11 

1-57 y y Mati*Ri tffl^Tjt¥ii6H©E»/^ 
-y^-tz^m^v y hmmmmzmm-rzz t &x- 

ntz 6 m<DSM;<f z&m-fv y hsa^sffi 

[0 0 4 2] dOi5^L-CM^^tbfc#S^y y hE 

y y Mansffiron i wmmnzti^Kommn&m. 

i&mt, 4 SmfeT?8lJ£Lfc t - 5£ fc'T S 9 1. 9mQ 

1.8(kg/cm*I)K±T'fct), ^»#Sr*3fitf t LTffiffl 
L/ciJ-g-WT'y y hEIISSiCtt^O. 2 (kg/cm*!)* 

tfcteSr^Lfc. *fc-t©sa*fifitroflr«n4f±» soo{@ 

^--r zi'r-f y ¥H7a-Kt, ^Hy^-** 20 
ifeco t, vftiteisir *-c t * ommo&mmk it 1 trr a 

5 0.5mQ ±#1-5 ofc„ tfcKffi^ 9 

fi^^LT, S«©SBaj^tf *SB©j**±iS 9 

Lfc i: r. 60. 5% (Kfeft $ lOOmmT'O. 5mm©j?t ±#5 0 £ 

[0043] i<oria>b#a7 p yvhffi»3£ffiro»i 

v w v^-- t-7«it£# u wit- s & 

[0 044] fc*5#!7 , y y MEi»Xt6©3B l Hfflftgffi 
■CfiHWl7-f 9-KTiOi»5|t%fflV^fca«, JS^lt 
I*Stl5fettl:±oTAliOi, MgO, SiOz^^fy 

*»*S*b*J:53ici««jftffljfcKttTi0.as, fife^tt 
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[0 0 4 5] iffetc, #syy y hEi»asoK3t*jfeo 
[0 0 4 6] iro^l^y y hiai&S«»Sig*)few^ 

2 mmmmi' tJ^-c, in 2 © ( a ) ~ oo -e* Lfctg 1 jijs 

m*fcfctt5§^£i^t$SLTM&5£tts 0 2 (g) 

[0 0 4 7] ftfWiJPflWqEE&fm, jfflj£tf>2S-g*S 
10©S* t |r] 1 ftm\mX-]£1lft\Skg/cm X 

ft 0 „ r roeSoiaa-cttiftErofRffiftttWJBtta^ L 
= y V L £ t, 1 0 2 (e) ~ (h) 9 M UtV n#1ISS 

[0 0 4 8] Lfdiot, 

ixl-*t L, Sig^ffewig 2 HffiJf^T'ii*(^»fg26©S 
Srff it \i i. v > co - yJFM $ z_ m kxbtiit 
bM<d «t 5 p -/i^M^Sffl-r 5 r t -elNFWl:|!ft 

fit fc ti-JPH-rsr t-e, ft±sian^^-y^^ 

ftltaftiitii, spffl*ffii*5 0 Lfc^oT^coJ; 
[0 0 4 9] ttfi^ft«>«[2|»»tt-eaif^Lfc 

iI«Wi^(gl)l^f 0 (^DlCTTs-tlo 

M«7 ^ 7-ICAI2 O, ^*(¥±&&Si. 2 /i m) Srffi 
ffl L, Mktt*ffii^fi3i^dr-y»Ig(DOWttKDE 
R5 3 2A8 0)*ttfflUW*5. 
[0 0 5 0] 

mi] 
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[0051] eJicEHK^-vi^ri-ST'yvhEilft 

m^45%£x±X'itmmt(D&mmtf'his < , nans 



tz, 

[0052] jKift^jfewss 2 Hii^Tii, 

[0 0 5 3] 
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g^tigfc troths, 

[oo5 4] it, *mmw<D7v y v&M&m^kti 

So 

[m i ] y y vimmwiow, i 

[02] *^©#S7°y ^ M3i»Sffi©Mifi*fe©IB* 



(9) #1^9- 1 4 8 7 3 8 
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So 

E»S««f^ <0 iSWf ffl 0 * 5 o 
[«F#©RIJ|] 

2, 3, 4, 11, 13, 51, 54 
10 -El/^-y, 5, 6, 50---ffi&Sffi(7 P y 

if), 7, 21, 52---Sa?L, 8, 25, 53---CuJf, 

10, 12-»MMK 14, 15-* 

ffi, 23, 26-«fB, 24-8WH*. 
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